were carried out in an in vitro environment by the cell colony forming method in order to study the cytotoxicity to HeLa cells of set specimens of 3 MFRs and 4 composites for core use.
INTRODUCTION
The use of finer particle filler is one way to avoid the shortcomings of conventional composite resins: poor finishability. Aside from this purpose, the influence of the increase in the resin matrix as a result of the finer subdivision of the filler as regards its biocompatibility is quite interesting. Not only for restoration, composite resins have also been used extensively as core material. This paper presents the results of an in vitro experiment conducted for the purpose of studying the cytotoxicity of the set specimens of two latest kinds of composite resins.
MATERIALS AND METHODS
Cell culture-Human uterine origin HeLa S3 cells (Puck et al., 1956 )1) were used in the experiments. They were cultured with a growth medium MEM (Eagle, 1959) 2), supplemented with 10% calf serum and replicated for the purpose of experiments3-24).
Experiments-The experimental method was the same as that previously reported, except for certain modifications. Three microfilled composite resins (MFR), four composites for core use were used (Table 1) . At the same time, one conventional composite resin was also included for comparison. All of these materials used were commercial products. Cylindrical shaped specimens were made in accordance with the manufacturers' recommendations, sterilized with ultra violet ray irradiation, immersed in an extracting medium MEM which was placed into a 20ml Erlenmeyer flask, and finally gyrated at 200rpm for dynamic extraction with a freely moving specimen for a unit period of 2 weeks. The experiments were carried out for a period of 6 weeks, time of which was proved to have Aided, in part, by Grant-in-Aid for Developmental Scientific Research from the Ministry of Education, Science and Culture in Japan (No.56870103). Table 1 The materials used shown a sharp fluctuation in cytotoxicity3, 5, 7, 10, [11] [12] [13] [14] [15] [16] [17] [18] . The cellular ability for colony formation under the influence of the extracts was measured by a total colony area formed within pre-determined unit area18). The relative growth values of the experimental groups were obtained by dividing values of experimental conditions by those of the control. Subsequently the relative growth values were converted into six step cytotoxic scores18).
RESULTS
In both MFR's Micro jar and Superlux cytotoxicity was seen increasing from moderate to strong in the dilutions of the increasing concentrations after a 2-and 4-week of extraction period (Tables 2-5 ). After 6 weeks, however, it was close to that of the control group. With Isopast cytotoxicity was noted in the dilutions of the higher concentrations after a 4- Table 3 Relative growth rate (RGR) as assessed by cell colony area* Confidence limit of population mean (5% level of significance).
/ Mean values in control
•~100 Table 4 Mean scores of cytotoxicity reduced from RGR values week of extraction. Meanwhile, among the composites for core use, the Clearfil core showed moderate and Corelite and Core Max strong cytotoxicity after a 2-week of extraction period, while with Core paste 6000, it was close to that of the control group after the same extraction period. With the former two, however, the cytotoxicity value was close to that of the control group after a 4-week of extraction period. Concise tested for comparison also showed strong cytotoxicity after a 2-week of extraction period, but from 4-week onward, it, like other resins tested, was almost cytotoxicity free. Thus, the results of the present experiment showed that with both MFR and the composites for core use cytotoxicity ranging from moderate to strong was noted in the dilutions of the higher concentrations after a 2-week extraction period, but thereafter, cytotoxicity was scarcely noticeable, with the degree of relative growth rate being close to that of the control group (Tables 2-5 ).
DISCUSSION
The three MFRs examined showed in vitro behaviors similar to those of the con-ventional Adaptic, new composite resin TMM-Si3N4 resin, TMM-SiO2 resin and Concise1
The resin matrix of the MFRs tested was not Bis-GMA, which is the base of the conventional composite resins, but was urethane dimethacrylate for Isopast and hydrophobic 2, 2-bis (4-methacryloxypolyethoxy) phenylpropane for the Micro jar. In only Superlux was the base Bis-GMA. It was noteworthy that the filler content was 37.3% for Isopast, an average of 60.8% for the Micro jar and 35.1% for Superlux, being by far smaller than 78% for the conventional composite resin Concise. In other words, it was particularly interesting from the viewpoint of cytotoxicity that the amount of the resin matrix of each MFR was substantially larger than the conventional composite resins. Assuming that the main cytotoxic component of the composite resins is the resin matrix rather than the filler as pointed out in an earlier reports25), an increase in the amount of the resin matrix containing cytotoxic components may increase the cytotoxicity of such resins. However, in the present experiment the cytotoxicity of the composite resins tested was similar to that of the conventional composite resins despite the increase in the content of the resin matrix and the difference in the kind thereof. Thus, the present results revealed that with composite resins, changes in the content of the resin matrix are not necessarily reflected in the intensity of their cytotoxicity; its influence on resins' cytotoxicity being rather negligible. Also, that no marked difference in cytotoxicity was noticeable regardless of the kind of the resin matrix suggested at least that the MFRs other than those taken up in the present experiment, too, would basically exhibit similar cytotoxicity if the resins chosen for the present experiment were not representative of all the known MFRs. Meanwhile, as to composites for core use, all 4 products chosen for the present experiment were of the Bis-GMA type, being closely similar to the conventional restorative composite resins also in the filler content. Unlike restorative composite resins, however, they are intended for use where compatibility with a tooth is not required and importance is attached rather to the possibility of color identification, hence it may be a point of major difference that they are colored in brilliant pink, orange or white. Despite such similarity in composition and difference in the intended use, the resins taken up in the present experiment had results quite similar to those of the conventional composite resins, with the influence of the coloring agent used being rather negligible.
It is noteworthy that the cytotoxicity of each material tested was unexpectedly weak even allowing for the fact that it was completely set. From the impression of dentists using composite resins in their clinical practice as well as from the results of in vitro experiments conducted to date25-35), strong to extreme cytotoxicity ought to be anticipated. The same was the case when Adaptic and new composite resins were tested earlier17). In the present experiment, too, the objects were set specimens. The specimens used in the present experiment were already set completely from the material science point of view, to say nothing of clinical setting. The marked changes with time in cytotoxicity immediately after mixing to completion of setting is well known25-26). However, our results also revealed that cytotoxicity due to the influence of the residual monomer, etc. that had not participated in the polymerization was positive even after the so-called completion of clinical setting. And with most of the specimens tested, cytotoxicity was markedly reduced to a level close to that of the control group by the end of the 4th week. This condition continued up through the 6th week. This is supposed to be due to the fact that the cytotoxic components of the resins tested were mostly dissolved in the course of the first cycle of the extraction, and thereafter, their content was markedly reduced to the point that cytotoxicity was no longer noticeable.
The objective of the present experiment was to see the progress of cytotoxicity of each material in early postsetting period. In similar experiments, cytotoxicity underwent the greatest fluctuation within 6 weeks after setting4,7,8,11-13,15,17) The results of the present experiment was quite similar to those of the previous studies, the strong early cytotoxicity being found to attenuate gradually thereafter, i.e. with time. Such restorative materials are expected to stay long in the living body, hence it is of particular importance to know their biocompatibility. The above results were very similar to the early results of the longterm in vitro biocompatibility test. The long-term in vitro biocompatibility test of MFR and composites for core use taken up in our present experiment is of pressing necessity.
The results of the in vitro tests as such cannot directly represent their behaviors in the living body. An experiment concerned with the in vitro environment in which each factor involved is simplified cannot very well represent the conditions in the living system in numerous diversified factors are involved, interacting in a highly complicated manner. Despite this major shortcomings, however, it is quite useful because of its high reproducibility and the fact that it enables a close study of each factor involved. We also believe that data which cannot be hoped for by in vivo experiments can surely be obtained when each factor involved is studied in vitro stepwise and the resulting fragments of the information are carefully reconstructed. We want to emphasize that it is the very goal of the in vitro biocompatibility test of the various biomaterials to link such isolated pieces of data for confirmation by the so-called test under the simulated environment of the mouth, as reported earlier3, 5, 7, 10, 11, [16] [17] [18] . It is thus possible to simulate in vitro all the conditions and factors possibly encountered in clinical practice. The data obtained through our present experiment, we believe, will constitute the foundation for that, providing highly useful information for those researchers interested in this area of research.
CONCLUSION
The present experiment was carried out in an in vitro environment by the cell colony forming method in order to study the cytotoxicity to HeLa S3 cells of set specimens of two kinds of recently developed composite resins, namely, 3 microfilled composites and 4 composites for core use. In the experiment each of the specimens was extracted in a tissue culture medium for 2 weeks in a dynamic environment and the material's influence on cells was determined by the colony forming efficiency of the cells plated in the extract, i.e. the relative rates of the cell colony formed, and the following conclusion was reached. 1. With the 3 MFR products, like the conventional composite resin Concise, the degree of relative growth rate decreased with an increase in the concentrations of the dilutions after a 2-or 4-week dynamic extraction period with a specimen moving freely. Thereafter, however, the relative growth rate was close to that of the control group regardless of the concentration of the dilutions. 2. On the 4 composites for core use, when they were subjected to dynamic extraction with H. DOI, K. YOKOYAMA and H. KAWAHARA a specimen freely moving, Core paste 6000 showed a degree of relative growth rate close to that of the control group after a 2-week extraction period, but with the other 3 products the degrees of relative growth rate were seen to decrease with an increase in the concentrations of the dilutions, as with Concise of the conventional type. After a 4-week extraction period, however, the relative growth rate was close to that of the control group with all composites for core use regardless of the concentration of the dilution, the tendency remaining unaltered even after a 6-week extraction period.
The above experimental results show that the tendency to lose cytotoxicity of the set materials is quite similar to that of other composite resins tested earlier, although a further long-term test is considered necessary.
